Purpose: To investigate hemodynamic response to volume replacement with saline solution and hypertonic hydroxyethyl starch in hypovolemic dogs. Methods: Forty dogs under general anesthesia and hemodynamic monitoring, following measurements at baseline, were bled 20 ml.Kg -1 and parameters were measured again after 10 minutes. The animals were randomly divided in two groups and volume replacement was performed with saline solution twice the volume removed or 4 ml.Kg -1 of hypertonic hydroxyethyl starch. Hemodynamic data were again measured after 5, 15, 30, 45 and 60 minutes. Results: With both solutions values returned to satisfactory hemodynamic levels. With saline solution, there was a greater amplitude in variations that tended to decrease progressively. With hypertonic hydroxyethyl starch, the parameters studied returned more rapidly to levels similar to those at baseline and varied less. Conclusion: Both solutions proved to be efficient at replacing volume in the short period studied, although hypertonic hydroxyethyl starch produced more stable results. Key words: Hemodynamics. Hypovolemia. Hetastarch. Saline Solution, Hypertonic. Dogs.
Introduction
In recent years, trauma with severe blood loss has become the leading cause of death in young people. Early diagnosis, identification of the cause and rapid treatment are important for the reduction in morbidity and mortality 1 . Perioperative accidents may also put the surgical patient at risk of developing severe hypovolemia. Blood volume is a crucial factor in the maintenance of hemodynamic balance and tissue oxygenation. Correction of intravascular volume deficit is aimed at improving myocardial performance, increasing end-diastolic volume and optimizing oxygen transportation. In most cases, it is difficult to determine the volume of blood lost and blood loss is frequently underestimated. Shock occurs when there is vital organ hypoperfusion and signs may vary according to the amount of volume lost 2 . Blood loss of 10 to 15% of the blood volume is associated with clinical signs that are easily controlled by the organism. The loss of 20 to 35% is associated with the clinical syndrome of hypovolemic shock, while loss of 40 % or more may be fatal. In hemorrhagic shock, an acute reduction in blood volume causes the sympathetic branch of the autonomic nervous system to compensate by generating peripheral vasoconstriction, tachychardia and increased myocardial contractility. This increases oxygen demand to levels that cannot be maintained indefinitely. Simultaneously, tissue hypoperfusion generates anaerobic metabolism resulting in tissue hypoxia, acidosis and the release of various mediators that trigger a systemic inflammatory response 2 . There are various options for fluid replacement. In addition to crystalloids, such as saline and Ringer solutions, there are nonprotein colloid solutions and hypertonic solutions. The solution to be infused into a hemodynamically unstable patient is still under debate. Crystalloid solution is recommended as the first solution of choice, although both colloids and crystalloid have advantages and disadvantages 2, 3 . The main advantages of crystalloid solutions are their frequent use, greater safety and low cost. The major disadvantage of crystalloid solution is its rapid movement from the intravascular to the extravascular space requiring fluid infusion in considerably larger amounts than the volume lost for adequate resuscitation 4, 5 . Colloids, due to their high molecular weight remain a longer time in the intravascular space, producing more hemodynamic stability. However, the cost of these solutions is high and there is a potential risk of allergic reactions and blood dyscrasia 2 . The use of small-volume hypertonic solutions for ressuscitation has proved to be an interesting alternative in experimental models of hemorrhagic shock 6 . Pioneer studies conducted in Brazil in the eighties have revealed that the infusion of small volumes of 7.5% NaCl solution produces rapid restoration of hemodynamic parameters and thus less demand for blood transfusions 7 . Subsequently, it was demonstrated that the addition of a hypertonic solution could increase and prolong the beneficial effects of a hyperoncotic solution 8 . Hydroxyethyl starch is a natural modified polymer, structurally very similar to glycogen, with volume expansion properties. There are different types of hydroxyethyl starch and their properties are defined by the molecular physical-chemical characteristics of each product. Hypertonic hydroxyethyl starch solution is a combination of this colloid with 7.2% NaCl allowing small-volume fluid replacement. The aim of this study was to compare the hemodynamic response after volume replacement with saline and hypertonic hydroxyethyl starch in dogs submitted to hypovolemia by artificial hemorrhage.
Methods
After approval by the Animal Experimentation Ethics Committee of the Biology Institute at UNICAMP, 40 male and female mongrel dogs were used and follow the Council for International Organization of Medical Sciences ethical code for animal experimentation and the principles of the Brazilian College on Animal Experimentation. The animals were in good health according to a veterinary clinical examination and were randomly divided into two groups of 20 animals: the SS group (saline solution) and the HHS group (hypertonic hydroxyethyl starch). At first, the animals were weighed, and body surface area (BSA) was estimated according to a classical formula in the literature 9 for calculation of hemodynamic indexes. After blood cannulation in the fore limb, the induction of anesthesia was performed with 18 mg.Kg -1 sodium thiopental 10 . The animals were positioned on a surgical stainless steel trough and intubated. Anesthesia was maintained with isoflurane in O 2 at a concentration of 1.0 MAC (1.3% end-tidal) 11 , under controlled mechanical ventilation with a tidal volume of 15 ml.Kg -1 . Respiratory rate was adjusted to obtain ETCO 2 between 32 and 34 mmHg. An electrocardioscope was placed in the DII lead and pulse oximetry was measured by placing the sensor on the animal tongue. In the medial left hind limb of the animal, dissection and cannulation of the femoral artery was performed for continuous arterial pressure measurement. A Swan-Ganz cathether was inserted into the femoral vein and hemodynamic measurements were made by the Datex Engstron AS/3 multiparametric monitor. Simultaneously, a blood sample was drawn for hematocrit and hemoglobin measurement. In the opposite limb, dissection and cannulation of the femoral vein was performed for subsequent bleeding. The hemodynamic variables measured were: mean arterial pressure (MAP), heart rate (HR), central venous pressure (CVP), mean pulmonary artery pressure (MPAP), pulmonary capillary wedge pressure (PCWP). The cardiac index (CI), stroke index (SI), systemic vascular resistance index (SVRI), pulmonary vascular resistance index (PVRI), left ventricular stroke work index (LVSWI) and right ventricular stroke work index (RVSWI) were calculated. After monitoring the animals, were waited 30 minutes for hemodynamic stability. The first hemodynamic measurements were then made at baseline (M1). Immediately after, bleeding of 20 ml.Kg -1 during 10 minutes was performed to produce hypovolemia. Ten minutes after new hemodynamic measurements were obtained (M2). Subsequently, volume replacement was performed with saline solution at a ratio of twice the blood volume removed or with hypertonic hydroxyethyl starch at a dose of 4 ml.Kg -1 of body weight. New hemodynamic measurements were performed after 5, 15, 30, 45 and 60 minutes, corresponding to M3 to M7, respectively. At the end of the study, the animals were sacrificed under anesthesia with an intravenous injection of 10 ml of 19.1% potassium chloride solution. Data were analyzed and compared statistically. To compare categorical variables, the chi-square test was used. For the comparison of numerical continuous variables at a single moment, a Student's t-test was used. To compare numerical variables between both groups and between time periods, analysis of variance (ANOVA) for repeated measures was used. Also used were the Tukey test for multiple comparisons to compare groups at each time period and the contrast profile test to analyze time progression in each group. The significance level adopted was 5%, i.e., p<0.05. Table 1 shows group distribution by sex, body weight, body surface area, hematocrit and hemoglobin before bleeding. There were no significant differences between groups. All hemodynamic parameters measured at baseline (M1) were statistically similar in both groups as well as immediately after bleeding (M2). Table 2 shows there was no difference in mean arterial blood pressure between the groups (p=0.242). A significant decrease was observed after bleeding. With volume replacement, values were comparable to those at baseline after M5 (p<0.001). Table 3 shows there was no difference in heart rate between the groups (p=0.737). No variation was observed immediately after bleeding. After M4, there was a similar increase in both groups that persisted until the end of the experiment (p<0.001). Table 4 shows that after bleeding, there was a significant but similar decrease in of cardiac index in both groups. Volume replacement increased values to levels exceeding those at baseline starting at M3. These values persisted until the end of the experiment (p<0.001). SS values exceeded HHS values from M3 to M7 (p<0.001). Table 5 shows that after bleeding there was a central venous pressure decrease in both groups but only in the SS group it was significant (p<0.001). After volume replacement, values remained similar to those at baseline until M7 in the HHS group. In the SS group, there was an increase in M3 and M4 and they returned to similar to those at baseline starting at M5 (p<0.001)). At M3, SS group was greater than HHS (p=0.012). Table 6 shows the results of mean pulmonary artery pressure. There were no differences between the groups (p=0.843). After bleeding, a significant decrease occurred in both groups. With volume replacement, values exceeding baseline values were obtained in M3 returning to near baseline levels in M4 (p<0.001). Table 9 shows there was no change in systemic vascular resistance index after bleeding. With volume replacement, values decreased significantly and remained lower than those at baseline until the end of the experiment in both groups (p<0.001). This decrease was more important in the SS group from M3 to M6 (p=0.018). Table 7 shows that after bleeding there was a decrease in pulmonary capillary wedge pressure in both groups. With volume replacement, these values increased in the SS group exceeding those at baseline in M3 and M4. In contrast, in the HHS group values were lower than those at baseline in M4 and M7 (p<0.001). In M3, SS values exceeded HHS values (p<0.001). Table 10 shows the pulmonary vascular resistance index increased in both groups after bleeding and decreased after volume replacement. In the SS group, values remained lower than those at baseline until M6 but in the HHS group this occurred only in M4 (p<0.001). In the SS group, there was a more important decrease with significantly lower values from M3 to M6 (p<0.001). Table 12 shows the right ventricular stroke work index in the HHS group, only M2 value was significantly lower from baseline value. In contrast, there was an initial decrease in the SS group followed by an increase in all values that remained statistically different from baseline values until the end of the experiment (p<0.001). SS values exceeded HHS values in M3 and M4 (p<0.001).
Results

Groups
Discussion
In the model of hypovolemia studied, hemodynamic results were evaluated in dogs after the infusion of two volume replacement solutions with different mechanisms of action, simulating the initial treatment in trauma and hypovolemic patients. It was observed that both solutions provided a significant improvement in hemodynamics. Early replacement with large volumes of saline resulted in greater amplitude in variation. In the end of the experiment, there was a tendency for the amplitude to decrease. It was likely due to the passage of saline into the interstitial space. It is well-known that crystalloid solutions are not the best option for volume expansion, since one-fifth of the non-excreted volume remains in the plasma after equilibrium and demands the infusion of large volumes 12 at least 2 to 3 times the estimated volume lost. In addition, studies have demonstrated that after 120 minutes even this volume is no longer in the intravascular space 13 . With hypertonic hydroxyethyl starch, the values studied returned to baseline (before blood loss) in a more stable manner. With the combination of a macromolecule and hypertonic NaCl, molecules remain a longer time in the intravascular space, increasing colloid osmotic pressure and plasma volume. Fluid is absorved from the interstitial intracellular space allowing for a more lasting restoration of blood volume 6, 14 . This study showed short-term results of volume replacement using two different solutions in hypovolemia. Response to fluid therapy may be different in the medium-term and long-term. Furthermore, in cases of severe hypovolemia, other therapies may become necessary. 
Conclusion
Both solutions proved to be efficient at replacing volume in the short period studied, although hypertonic hydroxyethyl starch produced more stable results.
